This paper develops a framework to understand new industrial path development in peripheral regions based on notions of 'bricolage' and 'institutional relatedness'. While the first stresses the agency of (heterogeneous) actors' resourcefulness and strategic improvisation co-shaping new industrial paths, the latter highlights the transposition of related institutional settings within regions to amplify (or to limit) the search space for new industries. These arguments are used in conjunction to explain the development of an unlikely biotechnology path in the Portuguese Centro region, analysed since its emergence and over a period of more than ten years.
concept of 'institutional relatedness' to argue that, despite the lack of related technologies and skills, new industries can more easily emerge and develop in regions if they benefit from portfolios of related institutional settings associated with other (skill-unrelated) industries -such as knowledge transfer routines between university and companies, informal arrangements and relational ecologies -, thus bringing regional 'selection' environments more amenable for new industries. We thus suggest that one of the key roles of regional diversification agents and 'bricoleurs' is to transpose organizational forms and institutional practices not only across regions (Saxenian and Sabel, 2008) but also across industries within regions.
To explore these issues, the paper analyses the evolution of the biotechnology industry in the Portuguese Centro Region since its inception (early-2000s) and over a period of more than ten years. Biotechnology epitomizes the 'breakthrough', science-driven type of industry which several regions tried to emulate unsuccessfully, prospering in a selective group of places with robust endowments -e.g. strong research universities, established pharmaceutical firms (Cooke, 2001 ) -and favourable social and institutional environments -e.g. well-developed venture capital and knowledge transfer contexts (Casper, 2009 ).
Because of this socio-institutional dimension, many studies have shown that regions with strong endowments failed to develop relevant biotechnology clusters over time (e.g. Powell et al., 2012) , but are relatively silent on why regions with modest endowments -i.e. limited technological capabilities, weak knowledge organizations and few interaction routines among actors -succeed. In this study, by building on the aforementioned frameworks, we provide an explanation for why a peripheral region, with modest endowments, succeeded in creating and maintaining a stream of new biotech ventures overtime, outperforming other more likely candidates in the country, such as Lisbon or Porto. By doing so, it follows up on previous studies on Portuguese biotechnology, which focused essentially on emergence stages (Fontes, 2005; Vale and Carvalho, 2013) to understand regional variation as the industry unfolded in the country.
The paper is organised as follows. Section 2 reviews and elaborates on the notion of bricolage applied to industrial path creation in peripheral regions, and builds on a concept of institutional relatedness. Section 3 details the research setting, as well as the methods used, while Section 4 presents the empirics that illustrate the agents, resources and processes that enabled the development of an unlikely biotechnology path in Centro Region. Section 5 concludes and elaborates on how the elements of such a framework can add to more comprehensive explanations of new path creation and industrial diversification in peripheral regions.
Conceptual background

A renewed interest in path creation in the periphery
The policy and scholarly interest in industrial development in peripheral regions is hardly new. In fact, it dates from the 1950s -e.g. with the support to exogenously-driven 'growth poles' and branch plant relocations -, and went on through the last decades with different generations of firm subsidies, cluster policies, science park development, etc. (Pike et al. 2016) . In most cases, the outcomes of these policies felt short of expectations. Newly supported industries rarely endured, often relocating or simply disappearing, leaving low socio-economic returns in regions (Massey et al., 1992; Rodríguez-Pose and Fratesi, 2004) .
Over the last decade, EEG proposed a Darwinism-inspired perspective to understand that phenomena. Based on notions of variety, selection, inheritance, retention and adaptation, it has been shown that firms and industries typically branch out to other activities to which they are technologically-related and share competences with (Neffke et al., 2011; Boschma and Frenken, 2011) . Therefore, regions tend to develop durable 'selection environments', such as pools of skills and industry-specific institutional settings that are appropriate to nurture some activities but hostile to others (Boschma, 2004) . This makes it difficult for new skill-unrelated firms and industries to enter and stay in regions over time (Neffke et al., 2014) , especially in peripheral regions with thin institutional settings, fragile economic structures and limited industrial search spaces (Boschma, 2009 ).
In these regions, related diversification is the norm, with new growth paths emerging from the re-combination of previous (scarce) industrial competences (Xiao et al., 2018) .
Moreover, beyond skills and technological competences, peripheral regions are often associated with having adverse types of institutional settings -notably inward-looking and rent-seeking interactions among local actors in a few industries, favouring the formation of bounding social capital and overall closed groups that hamper the emergence of novelty in regions (e.g. Cortinovis et al., 2017) . The textbook example of the previous is Southern Italy (Putnam, 1993) , in which rent-seeking groups, the absence of social interactions among different types of knowledge communities and the dominance of homogeneous groups in industrial and policy spheres hampered knowledge circulation and the emergence of the proper institutional settings for new industry formation (Crescenzi et al., 2013 ).
Yet, in parallel to this constraining view on new path creation, and drawing on Martin (2010) and Martin and Sunley (2006) , a stream of research has sought to understand the sources and mechanisms enabling industrial evolution and new path creation episodes that occasionally occur in peripheral regions, namely by moving beyond skills and firm-centric approaches towards more pluralistic explanations embracing policy activism, the access to exogenous resources and institutional change (e.g. MacKinnon et al., 2009) . For example, accessing and anchoring external knowledge -e.g. through scientists, branch companies, transnational entrepreneurs, etc. -has been highlighted as a fundamental source of new path development (e.g. Trippl et al., 2017; Isaksen, 2014; Vale and Carvalho, 2013) ; beyond 'carrying' technical and market knowledge, these actors frequently bring in new organizational routines and institutional practices, which ultimately may contribute to regional institutional change (Saxenian and Sabel, 2008) . Over time, ripple effects and heightened relations between new and old industries in the region and beyond contribute to change the regional 'selection' environment and anchor new industries (Isaksen and Trippl, 2016) . In this context, state policy interventions and activism at various scales are also deemed pivotal, namely for attracting new actors, resources, implanting regulatory frameworks and actively shaping the institutional environment for new industries (Dawley, 2014; Dawley et al., 2015) .
Also advancing previous EEG approaches, Vallance (2016) stresses that, in many occasions, universities were per se a central endogenous source of novelty and industrial change, even in the absence of technology-related industrial systems in place. Based on a complex adaptive systems framework, Vallance argues that the growth and accumulation of knowledge is in itself an important driver of regional (self-) transformation, which can ultimately spread out and lead to spin-offs, research collaborations and labour mobility into firms, in a co-evolutionary fashion. To be sure, these processes are not straightforward in peripheral regions -indigenous research may not be novel enough to support new paths, or there may be connectivity problems between universities and (nascent) industries, hampering co-evolution and new path development (Vallance, 2016 ; see also Feldman and Kogler, 2010) . Hence a key challenge remains to unpack how connectivity and alignments between university's accumulated knowledge and nascent industries are achieved in regions with thin industrial-institutional contexts (Tödtling and Trippl, 2005) .
Bricolage and the strategic alignments of multiple resources
An approach that helps integrating the previous insights -and shed light on the issue of connectivity and alignments -suggests that new regional path creation in resource-scarce regions may primarily rely on 'bricolage'-like innovation processes. The notion of bricolage -borrowed from innovation and organisation studies (Garud and Karnoe, 2003; Miner et al., 2001 ) -was recently introduced in economic geography to better understand processes of unrelated diversification . In contrast to explanations based on regional knowledge endowments and firm´s capabilities, a notion of bricolage highlights the role of multiple, heterogeneous types of actors and their improvisations to align multiple resources and co-shape new relational and institutional environments (Binz et al., 2016) .
One of the most well-known illustrations on how bricolage has underpinned the emergence and consolidation of a new industry -described in Boschma et al. (2017) -has been provided by Garud and Karnoe (2003) comparing the development of the wind turbine industry in the US and Denmark during the 1970s (see also Simmie. 2012) , in which the latter ultimately outperformed the first. While the US wind turbine industry initially followed a breakthrough-type development process (drawing on the industrial absorption of high-tech endowments from leading scientific institutions), the central Jutland region in Denmark developed the industry based on bricolage: a step-wise process of trial-and-error and strategic collaboration among multiple actors (local producers, R&D institutes, ownersusers, associations, policy-makers, etc.), aligning and connecting different types of (local and non-local) resources, which ultimately co-evolved and led to the emergence of a supportive institutional environment for the industry.
The concept of bricolage highlights that knowledge-technological capabilities are only one among other resources to be accessed and mobilized for new path development. Based on technological innovation system´s research, Binz et al. (2016) framed the development of a new water recycling industry in Beijing as a bricolage process requiring external knowledge, but also the active construction of markets, access to finance and legitimacy, involving several loosely coordinated actors such as endogenous and transnational firms, associations, users, R&D institutes, policy-makers, etc. Markets for new industries -at least national/regional markets -are often poorly developed, do not recognise or value new products, and niche segments have thus to be actively (co-) created by industry proponents and supported through subsidies, new regulatory frames, etc. Finance and specialized investors also absent, requiring the mobilization and networking among new industry proponents, funding agencies, ventures capitalists, policy-makers, among others. Finally, as there is often a mismatch between new industries and existing normative and cognitive frameworks, overall scepticism and incongruity between existing practices and new industry´s demands and expectations have to be overcome to enhance its legitimacy. Hence, new regional path creation through bricolage requires experimentation and active 'institutional work' (Boschma et al., 2017, pp. 36) .
Besides firm entrepreneurs, new (unrelated) regional path creation also involves institutional entrepreneurs, i.e. resourceful individuals or organizations with an interest in a new industry, which initiate and actively participate in building up new (deviant) institutional contexts, often taking up leadership roles in the process (e.g. Garud et al., 2007; Battilana et al., 2009; Sotarauta, 2016) . Due to the paradoxical 'embedded agency' nature of institutional entrepreneurship (Garud et al., 2007) , research has also focused on the enabling conditions that drive actors to actually pursue such institutional work, namely filed-level conditions (e.g. economic crises, regulatory changes, technological discontinuities and opportunities) and actor´s interfacing positions within organizations and social networks. Building on this last point, Grillitsch (2017) argues that the transformative and resource-mobilization capacity of these actors rely on i) holding multiple positions, i.e.
belonging to different social fields or organisational structures at a point in time (e.g. a university professor who is involved in a firm), ii) having positional mobility, i.e. moving across social fields and structures (e.g. a researcher who leaves the university to be involved in a firm) and/or iii) having social networks across different social structures (e.g. connections through personal ties). These contexts, alone or in combination, allow institutional entrepreneurs to connect and align resources across different social fields to co-shape new favourable institutional contexts for the industries they envision developing.
Institutional relatedness
The notion of bricolage highlights the relevance of multiple actors that strategically mobilize and iteratively co-align resources, ultimately leading to the formation of new regional institutional environments for nascent industries. Yet, there is a risk that by focusing too much on agency and actor´s mobilisation of (often external) resources, the role of previous regional institutional features is overlooked. This is problematic because although generally 'thin' (Tödtling and Trippl, 2005; Trippl et al., 2017) , peripheral regions are not institutionally empty. As stressed by Martin (2010) , beyond just random accidents, previous economic, relational and institutional legacies of regions do play a role in explaining where new industrial paths emerge and how they get established over time (Storper and Walker, 1989; Storper et al., 2015) .
In order to better specify the role of institutions in new path development, Boschma and Capone (2015) show that unrelated diversification is more likely to occur in economies in which resources (e.g. labour, capital) can more easily switch across industries, and legal barriers to firm acquisition and new product development are lower (Boschma and Capone, 2015) . Likewise, Menzel and Kammer (2017) suggest that when institutional constrains associated with old industries are lower, resources are more easily transferred to new industries and firm entry patterns are higher. Although these studies focus at the countrylevel and measure largely static, higher-order institutions -thus overlooking informal, hard-to-measure regional and industry specific contexts -they hint that the transposition of resources across industries (including institutional practices, conventions and organizational arrangements) can underpin new path development processes, even if industries are skill-and technologically-unrelated.
In line with Frenken and Content (2017) , an argument could thus be made to broaden the notion of relatedness beyond technology and skills (see also Tanner, 2014) and consider the role of 'institutional relatedness' as source of diversification and regional path development. As suggested by Frenken and Content (2017) , regions are more likely to move into industries to which they are institutionally related, namely as actors can make use of previous arrangements and practices, and simultaneously face little resistance from incumbent industry´s actors and policies. This perspective resembles the notion of institutional relatedness as defined in management studies (Peng et al., 2005) , i.e. the 'degree of informal embeddedness with the dominant institutions in the environment that confer resources and legitimacy [to organisations]' (pp. 623). It posits that firms may conglomerate and move into product-unrelated industries if they can make use of non industry-specific competences, such as on how to acquire licences, how to source and finance technology, how to access and leverage relationships with policy organizations, etc. Peng et al. (2005) are primarily concerned with firms and their (national institutional) environment, but the argument can be extended to industries in their regional institutional environment as well.
The idea that existing relational and institutional settings are, in their own right, relevant resources that can be actively mobilized to support new (technology-unrelated) industries resembles the notion of 'shielding', developed in the field of sustainability transition studies (Smith and Raven, 2012) . New industry proponents may protect or shield new activities from hostile selection environments by mobilising previously existing institutional settings -e.g. existing policies and funding sources, values, social networks, established knowledge transfer procedures -providing them with conditions to attract and develop new knowledge, foster new social networks and enhance legitimacy (Verhees et al., 2013) . As many of these processes are socially dense and require multiple forms of physical and relational proximity, regions are often the locus in which these latent institutional settings are mobilized and reconfigured to support industry emergence (e.g. Coenen et al., 2010; Carvalho et al., 2012) .
Specifying institutional relatedness requires an understanding of the ways through which previous institutional settings 'branch out' to provide the organizational and institutional backbone to nascent industries. For Padgett and Powell (2012) , one key mechanism is transposition and refunctionality, i.e. 'the movement of a relational practice from one domain to another and its reuse for a different function or purpose' (pp. 12). Institutional and relational practices developed within a certain social field (e.g. an industry or activity) are purposefully borrowed and inserted in another social field (e.g. a nascent industry) and develop there further, eventually changing both fields in the process. This hints to the pivotal role of institutional entrepreneurs in the processes, namely when they are positioned at the interface of different social structures, thus with access to -and understanding ofdifferent types of institutional and relational practices.
Drawing on the same argument, Storper et al. (2015) shows that the economic divergence between San Francisco and Los Angeles over the last decades is closely linked to the ways through which both regions managed to transpose and adapt institutional settings across activities and 'milieus', and much less to initial firm-level or regional knowledge endowments. For example, Storper et al. (2015) show that the interest on new technologies in Silicon Valley has not emerged from engineering communities alone, but from crosspollinations between engineering, hippie and localized alternative technology movements, resulting in new organizational practices and routines associated with openness and experimentation (see also Saxenian, 1994) . Likewise, although Los Angeles was a first mover in biotechnology, with strong research institutes and the biggest firm in California (Amgen), it never created a strong industrial path in biotechnology. While Amgen inherited the 'scale-dominated managerial models that prevailed in Los Angeles (…) and became a commerce-dominated company' (Storper et al., 2005, pp.199) , new biotech companies in San Francisco borrowed and transposed the organizational practices and institutions of leading research labs (e.g. open science models) and local entrepreneurial ecosystems, bridged by the venture capital industry, allowing then to grow in a distributed fashion, spinoff new companies and create a distinctive institutional environment that supported the industry further.
These examples suggest that, together with the agency of institutional entrepreneurs mobilizing and anchoring (diverse types of) resources -as in bricolage-related explanations (e.g. Binz et al., 2016) -the emergence of new industrial paths may also be closely linked to the ways through which institutional and organizational settings in regions are borrowed and transposed, expanding (or, contrarily, constraining) the regional 'selection environment' for new industries. As transpositions have to be forged, this implies that one important role of institutional entrepreneurs and 'bricoleurs', namely in peripheral regions, is not only to build or transpose institutional forms and practices across regions (Saxenian and Sabel, 2008) , but also across (institutionally-) related industries within regions.
Research setting
Regional development patterns in Portuguese biotechnology
This study explored the aforementioned propositions for the development of the biotechnology industry in Portugal, and in Centro Region in particular -the archetypal European peripheral region with modest knowledge endowments, characterized by incremental innovation processes and thin industrial-institutional structures (Cooke et al., 2000) -which nevertheless managed to develop a consistent and rising number of biotechnology activities over time.
The first Portuguese dedicated biotechnology firms (DBFs 1 ), mostly start-ups and university spin-offs, date from the early 2000s. Fontes (2005) links their emergence to the accumulation of knowledge through public-funded doctoral education and university-based R&D in Portugal since the late 1980s (Fontes, 2005) . As predicted by the literature, most
DBFs emerged near large universities, namely in Lisbon, Porto (Norte region) and Coimbra 1 A DBF is defined as a dedicated biotechnology active firm whose predominant activity involves the application of biotechnology techniques to produce goods or services and/or the performance of biotechnology R&D (OECD, 2005) .
(Centro region), with whom their founders were affiliated to or had close relations with, notwithstanding the relevance of external knowledge sources since the early beginning (Vale and Carvalho, 2013) .
Considering the metropolitan scale, presence of large pharmaceutical companies, and the strengths of biotechnology-related research institutions in Lisbon and Porto, those regions would be major candidates for DBF development in the country. However, the pattern proved more nuanced (Figure 1 ). Namely the continuous growth of DBFs in Centro over the last decade suggests the emergence of an unexpected industrial path in a largely ruralindustrial region. As there is no evidence of specific regional markets for biotechnology in Portugal, two types of arguments are usually put forward to explain why Centro became so relatively preeminent in biotechnology vis-à-vis other regions, namely: i) the presence of a good hospital and an university with research in the field (University of Coimbra) and ii) the advantages that accrue form being a Convergence Region 2 , thus eligible for heightened European Union´s (EU) Cohesion Policy funds in relation to Lisbon since 2007 (e.g. for R&D and innovation projects), which would act as a pull factor luring DBFs to settle operations in the region independently of its industrial structure and institutional settings. 
Research design and methods
In order to disentangle the processes behind the creation and consolidation of a biotechnology path in Centro -namely the role of bricolage and institutional transpositions from institutionally-related industries -we make use of qualitative evidence collected over about ten years (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) 3 . This longitudinal approach and follow-up of a contemporary case allowed iterating between theory and empirics to strengthen the underlying explanations for the phenomena (e.g. George and Bennett, 2005) . Moreover, it also provided a reasonable time frame to assess whether the emerging industrial path endured after the early enthusiasm, or, in opposition, exhausted and declined (Isaksen and Trippl, 2014) .
Besides several secondary sources (e.g. industry and company reports, statistics, pressreleases) analysed over the years, the study relies on 76 in-depth interviews with a variety of actors -DBFs and other bio-related companies, research institutes, science parks and intermediaries, venture capital firms and policymakers -involved with the development of biotechnology in three regions (Centro, Lisbon and Norte) and beyond, e.g. venture capitalists and policymakers working at the national level (Table 1) . Most interviews were carried out in tandem by the authors and transcribed afterwards. Variety within and across expert groups and regions allowed triangulating and increasing reliability and validity of the results, which together with secondary data allowed minimizing recall biases. Detailed investigation focused on Centro region as 'black swan' (Flyvbjerg, 2006) for new path development, with Norte and Lisbon being analysed mostly as contrasting cases (see also Binz et al., 2016) , allowing for punctual comparisons that highlight the reasons behind different regional industry patterns.
[Insert Table 1 about here]
Fieldwork took place during two main time periods (Table 1) Summing up, and over about 15 years, a few committed institutional entrepreneurs (university professors, park director, mayor, DBF founders), positioned at and bridging across different social fields and locations, strategically influenced the formation of a biotechnology ecosystem and co-created a favourable institutional environment for itdespite the absence of any previously targeted policy support or closely related industry skills. This was achieved through an iterative bricolage process, involving the mobilisation, aligningment and anchoring of multiple scattered resources that contributed to knowledge, market, finance and legitimacy formation processes over time.
Institutional Relatedness
Active bricolage and the formation of a supportive biotechnology ecosystem occurred in Centro but not in Lisbon or Norte, despite the presence of stronger endowments (e.g. [University bio-research labs] have great equipment but often allocated to students or researchers doing one-time experiments, and when they leave all the knowledge is lost. Here we designed a structure with permanent staff that uses the equipment over 'Their perception of reality is very different than ours, and this doesn't mean that they are right or wrong but they make it very hard for us.
[…] Instead of facilitating access to promising companies, they act as gatekeepers, which is not interesting, just boring.
For example, even for starting PhD projects, in which there is nothing there yet, the rules and sharing barriers are already daunting.' (VCO72)
The University of Coimbra (Centro) has not been immune to these pressures and institutional rigidities, but their experience with IPN carved out the emergence of new mindsets and hybrid firm-university relations, which were appropriated by new DBFs and their founders [e.g. DBFC9, 62, 64, 67] . The case of a leading bio-pharma in Coimbra founded by a professor is illustrative, as expressed by a representative of the University:
'They [bio-pharma company] move around in the University as inside their own labs.
All their recent spinoffs are, in reality, spinoffs of the University. Some people say they are parasitizing the University (…) but we do not buy those wars anymore. If we consider that parasitizing means being around, having an award for the best theses, knowing what is going on and pulling our students to do projects with them, then yes, they do that…' (R&DC69). All in all, the way related institutional settings 'branched out' and were strategically transposed to biotechnology in Centro do contribute to complement bricolage-driven explanations behind new path development in the region. These related institutional settings provided the nascent industry and their proponents with fit organisational and institutional resources and legitimacy, shielding it from potentially hostile selection pressuresnotwithstanding the absence of related industrial skills in the region. On the contrary, the presence of potentially related skills (e.g. in pharma industries) and strong university knowledge endowments were insufficient to support the emergence of biotechnology in other regions, namely as previous institutional settings and vested interest largely constrained the potential for resource mobilisation, bricolage and new firm development.
Conclusions
EEG approaches have been sustaining that regions diversify into new industrial paths by recombining inherited portfolios of knowledge and skills (Boschma and Frenken, 2011) , thus limiting the ability of peripheral regions to move towards more knowledge-intensive types of activities. While this seems to be the norm (Xiao et al., 2018) , every now and then dissonant activities do emerge and endure in those places, calling for a more multidimensional perspective to understand the causes and mechanisms behind industrial change (MacKinnon et al., 2009) . By combining and building on a number of extensions involving the role of external knowledge networks, policy activism, endogenous emergence and the agency of institutional entrepreneurs, this paper provided an explanation for new path development in the periphery based on the use, in conjunction, of two concepts: 'bricolage'
and 'institutional relatedness'.
Starting from the work of Binz et al. (2016) and Boschma et al. (2017) , our analysis shows that also the (unlikely) development and consolidation of biotechnology in Centro neatly resembles a bricolage process, in which heterogeneous types of actors iteratively mobilise and anchor distributed resources -knowledge, but also finance, markets and legitimation -, Yet, this study also highlights that these institutional environments were not created from scratch. They derived from related institutional norms and practices associated with the commercialization of academic research from engineering communities in the region (e.g. The notion of institutional relatedness -or the degree to which institutions associated with certain industries or activities can be transposed to provide resources and legitimacy to new industries -may provide new avenues to understand path creation beyond technology branching (Content and Frenken, 2016) , notably in peripheral regions (see also Peng et al., 2005) . Yet, further studies would still need to explore this notion in other industrial and regional contexts, in order to gain more insight on the mechanisms through which institutions may become transposed or not (Padgett and Powell, 2012) , and where does it matter the most. For example, it could be hypothesised that institutional relatedness and institutional transpositions are more relevant for peripheral regions, as it would prevent the need to (struggle to) develop very different institutional practices anew to legitimize technologically deviant paths. Moreover, such a construct would certainly need more elaboration to become better operationalized and measured, namely for more quantitative analyses that may try to compare and distinguish the impact of institutional relatedness and technological relatedness across a number of regional development and new path creation variables.
Finally, this study shows that although related diversification and institutional adverse contexts are the norm in the periphery, not all peripheral regions are the same, and should be treated as such in policy terms. Therefore, in line with recent studies, a latent policy implication running through the paper is that a single focus on regional knowledge 
